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The objective of this thesis is to determine the form of inputs to a reconnaissance 
information collection module and to state attributes of a perception database 
generated bv the resulting information-seeking activities. This will include descriptive 
characteristics of collection platforms involved and the subsequent intelligence 
information flow. Results of this thesis are intended to contribute to the ongoing 


determination of design specifications for the Airland Research Model (ALARM). 
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I. INTRODUCTION 


A. GOAL OF THE THESIS 

The Naval Postgraduate School (NPS) has maintained a continuing interest in 
the field of combat modelling and simulations. As part of a research effort initiated at 
NPS, the AirLand Research Model (ALARM) concept was developed to explore issues 
concerning the representation of the combat decision process. This particular portion 
of the model development is concerned with identifving decision logic involved in 
simulating the direction and application of tactical air reconnaissance (TAR) 
operations for the purpose of seeing or perceiving the battlefield. 

[t is generally acknowledged that commanders at all levels base their plans and 
objectives on their perceptions about their own forces, the environment, and enemy 
forces. Decisions on how to best allocate resources are then made to attain the 
prioritized objectives set forth in the plans. Preparation of these combat plans 1s 
dependent on the acquisition of information on the condition of the battlefield. In the 
simulation model this can be viewed as a search for information that 1s initiated by 
some tvpe of request. To illustrate, before a brigade can conduct operations to deplov 
to a predetermined position, (X,.¥,)., on the battlefield at time, t, and prepare to defend 
that area, plans for the deployment of the brigade must be prepared. The requested 
intelligence information on the sector of the battlefield containing position (X,.¥v,), if 
timely and accurate. provides the requisite input to prepare plans for the effective 
fimection. control. and eniplovment of the brigades forces. Thus the intelligence 
provides necessary information that serves as a foundation to counter enemy decisions 
and plans. Therefore, it 1s reasonable to conclude that plans and combat decisions 
Meased Of timely information concerning the terrain. weather. eneniv location. force 
composition, and activity at some point in time before time, t, increase the probability 
of a successful mission. Decisions based on information that is acquired too much 
sooner or later than time, t, will probablv not reflect the current state of the battlefield 
and consequently not contribute to effective combat decision making at time t. 

The information upon which perceptions on the state of the battlefield are 


created and plans formulated in ALARM _ will be referred to as reconnaissance 


information. It is this bodv of perceived knowledge that, if timely, is indicative of a 


fundamental combat strategy advocated by renowned nulitary tactician Sun Tzu, 


“Know the enemyv_and know vourself; in a hundred battles vou will never be in 
peril. [Ref ie on s4 


Knowledge is the primary contributor to effective combat decisions. Stated 
otherwise, success within ALARM. is a function of how well reconnaissance 
information gathering operations are utilized to update the perceived database. In the 
ideal situation information contained in the perceived database is timely and accurate. 
However, in capturing the combat process in the model. this mav not be the case. 
Data about enemy forces mav not be available and if available, it mav be unreliable or 
outdated. In order to determine attributes of reconnaissance operations required by 
planning functions contained within ALARM, the following questions should be posed: 


1. What 1s an adequate methodology for predicting enemy intent in order. to 
vector. reconnaissance missions Over those areas reflecting enemy staging 


Operations? 
2. How often should this body of perceived knowledge be updated? 
3. What form should the request for reconnaissance information take? 


4+. Hfow quickly must, the information be collected, processed, and fed into the 
perceived database in order to complete combat plans? 


As the perception generation process progresses, data on the current situation 1s 
requested, collected, analyzed. and presented to the appropriate command level 
decision task. These information gathering functions are essentially the basic tactical 
air information activities of requirements generation, prioritization, and gathering 
processes that determine perceptions. These perceptions ultimately influence a 
particular command level decision task’s decision on the proportion of air and ground 
based fire power to be applied toward ground events and the corresponding match of 
each tvpe to individual targets. 

The objective of this thesis, shown in Figure |.1. is to state the form of inputs to 
a reconnaissance information collection module and attributes of a perception database 
generated bv the resulting information-seeking activites. This approach will include 
describing characteristics of airborne collection platforms involved and the subsequent 
tactical intelligence information flow. Emphasis will not be placed on describing the 
physical laws and the algorithmic flow involved in modelling nmussion flight paths. 
rather in describing inputs to the ALARM planning process and attributes required by 


the resulting information gathering activities. 
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B. SCOPE OF THE THESIS WITHIN ALARM 

The ALARM concept. though stll at the conceptual development stage, was 
developed to model combat decision processes that occur within the confines of large 
scale tactical warfare as anticipated bv the L.S. Army's airland battle doctrine. The 
model's proposed highest level of interaction and combat decision making 1s at the 
army corps level. This follows because in real world applications the corps is the 
principle ground force in a theater of operations. Its structure varies based on the 
Operational mission, terrain, and troops assigned. The initial scenario upon which 


th U.S. Army Corps in Central 


ALARM 1s cast will be based on the operations of the 5 
Purope. [lis scenario was chosen because the NATO area has been one of the 
primary airland battle areas studied extensively by numerous militarv analvsts. These 
studies will serve as a baseline to validate output and effectiveness metrics provided bv 
ALARM. 

Based on the assumption that enemy forces are echeloned in depth and have 
numerical superiority, ALARM is envisioned to be used to evaluate an offensive 


interdiction strategy. This combat strategy requires that friendly forces see deep into 


the enemy rear area and strike accordingly to destroy or disrupt enemy follow on 
echelons before they can be committed at the forward line of own troops (FLOT). 
This places a requirement on the appropriate command lIevelt decision making functions 
to ensure that adequate surveillance is miaintained in order to secure information 
bevond the corps area of influence. Such information that can conceivably alias 
success is also depicted as a function of how well perceptions are maintained. 

As stated previously, the objective of this thesis is to describe inputs to the 
perception development process for combat activities occurring at the corps level of 
interaction. Basicalty these inputs can be placed into three categories: 

1. External conditions, including, weather conditions (temperature, air pressure. 
density and hunuditv. wind direction and velocitv, and cloud cover); terrain 
(elevation, presence of natural barriers, degree of natural concealment, and 
characteristics constraining speed of movement); data on terrain ilununation;: 


data on roads. bridges, and other structures that may influence the execution of 
combat operations. 


ty 


Information on the location and condition of the enemy, weapon performance 
characteristics, and quantity. 


oe) 


Information, on the position and condition of friendly forces, weapons, and 
Weapon performance characteristics. 


In an actual combat situation the process of battlefield perception generation 
within the corps would undoubtablv be supported by the entire spectrum of intelligence 
collection and analysis capabilities of the defense department and possibly other NATO 
agencies. Thus, in reahty the corps interfaces with echelons above corps )( Ewes 
national surveillance collection agencies, and more specifically USAF tactical 
intelligence collection functional organizations to obtain information on enemy units 
and activities in their respective areas of interest. All of these information-seeking 
functional inputs are subsets of category 2. ALARM depicts battlefield decisions and 
Operations at the subtheater and tactical level thus, this thesis will not attempt to 
describe all of the intelligence inputs to the combat decision processes, 1.e., inputs from 
natuonal collection assets. Consequently, the onty form of input to perception 
formulation within the modet that will be addressed. given the interaction at the corps 


level and below, 1s that derived from) tactical air reconnaissance resources. 


C. CHAPTER @VERWIEN 

During the course of describing attributes for a perception database the thesis 
will proceed as follows. Chapter II provides a description of the current conceptual 
design of ALARM, details the planning methodology utilized within the model, and 


provides the necessary connection to link this work into ALARM’s planning scheme. 


Chapter III provides background on ground operations and information requirements 
associated with the airland battle while a description of perception formulation within 
the corps area of responsibilitv is provided in Chapter IV. Information gathering 
entities and flows to include attributes of collection platforms are also identified. 
Chapter V illustrates the interrelationships between the planning and execution models 
While describing the evolution of perceptions bv walking through a sample scenario. 
Chapter VI sunimarizes the research work and offers areas of ALARM requiring 


additional research. 


If, BACKGROUND 


A. INTRODUCTION TO ALARM 

The term modelling denotes the development of a quantitative representation of 
some aspect of mulitary combat. the implementation of that representation in the form 
of a computer program, and the subsequent use of the program to support the analysis 
of some dimension of military science. One of the most important research areas 
surrounding military science is the representation of the combat decision process. 

Ongoing research on ALARMFI 1s directed at exploring wavs to model the combat 
decision cvcle. Using the U.S. Army’s airland battle doctrine as the combat decision 
or planning environment, ALARM 1s intended to provide an analvsis tool for the 
Investigation of more optimal methods of planning for and prosecuting the airland 
battle [Ref. 2: p. Ili]. Doctrine for the arrland battle emphasizes an integrated 
battlefield that is singularly characterized by its extended nature. The battlefield is 
extended with regard to the requirement placed on friendly forces to wage the close-in 
battle wlule striking critical high value targets deep within enemy territory. 

ALARM will be designed to operate in a svstenuc mode. This means that the 
model will have a closed architecture better known as a “no man-in-the-loop” structure. 
This type of architecture provides the capability to carefully track the cause and effect 
relationships which are an essential feature of anv model of military decision making. 
The systeni structure 1s organized around two separate bodies of models, execution and 
planning models. Execution models serve to simulate the battlefield conflict while 
planning models use the information obtained from the execution model to plan for the 
allocation and commitment of unit entities and resources over time. All plans are 
based on a particular comimand level’s nussion and perceived knowledge of enemy 


AGUONS OME a Clvem tiie imteraal 


B. MODELLING THE COMBAT DECISION CYCLE 

The term “research model” applies because alternative methodologies are being 
investigated to exanune the combat decision process. Typically, most combat models 
are cast mto an action - reaction mode of simulated operatrons. Thev concentrate on 
the battle execution and react to results generated during execution without regard to 


projecting battle resource requirements and outcomes of future engagements. 


Additionally, in the past. results of planning have been represented only by a set of 
input data or by human interaction with the model before and durmg execution 
[Ref. 3: pp. I - 5]. Research on ALARM has been centered on developing a planning 
procedure that is believed to be closer to what actually happens in the human decision 
making process. 

The planning procedure is a means for assessing the current perceived situation 
using both a threshold strategy and decision rules. Thresholds will be used to 
determine when the planning or decision making procedures should be executed while 
decision rules will be used to linut alternatives. For example, a threshold can be used 
to determine that a unit is falling behind in its time commitment to advance to a given 
location. If the unit falls behind by more than two hours, the decision process can be 
started to determine how and if the delay affects other unit plans. Thus, a threshold 
starts the decision process. If the effect is significant, the ALARM planning procedure 
eamebe reexeclted tO counteract or adjust to the delay. A series of decision rules wil! 
help eliminate some alternatives available within the decision domain. One of the 
remaining alternatives is then chosen based on the maximum measure of expected 
mane achieved by alternative. [Ref. 3: p. E1] 

From the data analyst's perspective these planning models are important for 
representing what and why things happen. te., to produce the desired detailed audit 
trails. 

A high level view of the combat decision cycle is shown in Figure 2.1. To 
illustrate the process, the planning model (1) accepts an initial data input and creates a 
set of orders (2) that is entered into the execution model (3). Orders are a series of 
times and missions input to each command level subordinate to the corps. The 
command level structure embedded within the planning model is shown in Figure 2.2. 
Orders passed to each command level are composed of the following information: 


I. A sequence of times, t; 


t~ 


A mussion during t; tot.4 4 

3. Sector boundaries during t tot. 4} 

Pee core FLO trace at’ time t-— | 

5. AMfininum friendly unit state at time t,4), 1e., an acceptable friendly force 
attrition level. 

6. \faximum enemy unit state at t;, ). Le.. a required amount of attrition to the 


Bhem 1oreetond sivenmmussion, [Ref 3: pp. 32-51) 
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This “what to do” tvpe of guidance is referred to as macro planning. \Nlacro 
plans are closely tied to the perceived knowledge of friendly and enemy unit strength at 
tinie, t;_). AA projection of the relative state variables and unit strengths is performed in 
order to deternune how to maxinuze combat effectiveness by allocating only the 
required number of assets at a future me, &, toward the perceived most advantageous 
enemy targets. This “how to do it” information is then passed to the execution mieten 
and the results (4) of the force-on-force engagement planned for by the planning model 
are produced. If at anv time during execution the original plan for the commitment of 
forces reaches a point of infeasibility due to the attainment of an upper threshold of 
friendly units neutralized, then planning ts reinstated to hopefully formulate a plan that 
wil cause the evolution of a favorable battlefield situation. Next, the combat results 


are passed through an information program (5), delayed, and filtered until the 
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perceived state of the battlefield (6) is reentered into the planning model. At this point 
Meso, modified orders are created [Ref. 2: pp. 30 - 45). The role of reconnaissance 
Srerations 1s to keep the perceived state of the force on force engagement and 
surrounding battlefield areas current so that when decisions (plans) must be 
formulated, the planning model can be invoked using current information as a solid 
foundation. This proposed architecture will provide tndepth audit trails through the 
use of three unique methodologies that make ALARM different than any other current 
feseatch to date [Ref. 3: p. 11]. These methodologies are 

1. Time Domain Networks, 

2. Cartesian Space Networks, and 


pee ne Gemeralized Value Svstemi. 


1. Time Domain Networks 
The time domain network is designed to handle the planning activities within 


ALARM. The network consists of nodes and arcs typical of most networks. The 


significant feature of the time domain network is that the arcs represent the passage of 


time rather than distance and is used in order to develop high level mission 
requirements for all subordinate units. Functionally, it resembles a program evaluation 
and review technique (PERT) network in that all sub-activities that flow out of a 
starting node can not begin until all sub-activities that lead into the starting node have 
been completed. Two sets of parameters deternune input constraints to the network: 
inmmutable factors and changeable factors. Immutable factors include items such as 
Weather and enemy forces. Thev are essentially those elements that a commandemsme 
no control over. Changeable factors, also referred to as decision factors; @are 
parameters for which a decision 1s needed. For example. a decision factor might be to 
determune the percentage of some available resource to be commited to an activity. 
Pers por 12 2a16) 
2. Cartesian Space Networks 

In ALARM, transportation networks are used to represent terrain features 
and physical connections between points in the battlefield area. These interconnected 
sets of arcs and nodes contain attributes which describe the terrain, roads, and cities as 
Well as on and off-road trafficabilitv. Characteristics of arcs and nodes are provided in 


Table I while the network representation of a geographical region is shown in Figure 


= aa 


{, 


3. The Generalized Value System 

The kev feature of the planning modet is its ability to determine the perceived 
power of battlefield entities. A procedure known as the Generalized Value System 
(GVS) is used to accomplish this task. The GVS is a means by which the perceived 
combat power of battlefield entities is measured over time. relative to when the entities 
are in position to accomplish their stated nussions. Two types of power are defined; 
derived and inherent [Ref. 4]. The total power possessed by a given entity. measured in 
units of STAPOWS (standard power). is the sum of its inherent and derived power. 
Some entities may possess either derived or inherent power while others may have 
both. 

Derived power of an enuty results from the ability of that entity to change or 
maintain the inherent power of other entities. Examples of entities holding derived 


power are bridges, intelligence units. and supply units [Ref. 5: p. 41]. 
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Node Characteristics Arc Characteristics 
ay node id number a head node id number 
NV; tatitudinalt coordinate qT tail node id number 


NH, longitudinal coordinate D; arc length 
RC; route class tvpe 
OC; terrain trafficabrthity 


W; route width 


An entity possesses inherent power when it has the capacity to disrupt, delav, 
or destrov enemy forces. In this context, inherent power can be viewed as the combat 
power that entities are able to use against enemy forces. Inherent power is subdivided 
into three components; basic, adjusted basic, and situational. Basic inherent power 
(BIP) is the power possessed by an entity when it 1s positioned to engage an adversarial 
entitv. Adjusted basic inherent power (ABIP) 1s defined as the BIP of an entitv that is 
adjusted for each entity's mission and current state. Another factor that is used to 
calculate the ABIP 1s the the distance from the position where the unit 1s to accomphsh 
Its nmussion. Situational inherent power (SIP) 1s the inherent power an entity 1s 
projected to possess at some time in the future based on the most current information 
on the entitv. The procedure to project power is based on the assumption that combat 
power increases exponentially, relative to time. when not affected by attrition as the 
entity draws closer to reaching a position to achieve its planned objective. 

a. Measuring Power 

Micminlciontmponcl Ol samechtity can be determined by relating the 
components of power to the entity's known nussion. Upon attaining position to 
accomplish its mussion, the SIP for each entitv is recalculated to account for the 
consumption of resources and attrition caused by an engagemient with an enemy entity. 
This power is also assumed to decay exponentially over time. [Refs. 4.5] provide the 


mathematical derivation along with a rigorous explanation of how to calculate these 
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power values. A graphical illustration of the evolution of the situational inherent 


power of an eniity 1S provided Pictinow = 
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Pocuke 2. eer Ol am Entity over Time. 


b. Use of GYS to Determine Mission Feasibility 

The planning! process begins with a nussion, friendly troop list, and a 
specified decision period received from a higher command level. The mission states the 
commiand level’s operational objective while the friendly troop list refers to the assets 
available to accomplish a mission. The decision period is the amount of simulated real 
time allotted to complete the assigned nussion. 

Assuming a mission to engage at the FEBA (forward edge of the battle 
area), intelligence is obtained consisting of information on the perceived disposition of 
enemy forces. This information is used to determine if the assigned nussion to engage 
enemy forces with the current assets allocated is feasible. The feasibility check ts 
performed based on comparisons between known blue force power and perceived red 
force power. Each force’s power 1s computed as the sum of the powers of subordinate 
entities within a specified sector that have an assigned nussion in that given sector. 


The summation is taken from the beginning, t,, to the end of a decision period, t,, to 


P 


1Note that this ISmOnl a plato; ailack . Stochastic events occurring in the 
Section model along with the actual state (ground truth) of red forces may cause the 
menor plan to fail. Wherefore, in the process of plan formulation, it is clear why 
accurate perceptions must be maintained on the current state of the battlefield. 


produce SIP functions for the powers of each force. Power thresholds are then 
associated with corresponding differences between blue and red force power 
projections. To exceed an upper threshold indicates that a force too large has been 
committed while a lower threshold violation represents a difference that suggests an 
undercommitment of forces. In the process, uncommitted units are time phased in 
discrete time intervals, through the decision period. Corresponding SIP functionseeme 
generated by then conimitting these units against their most hkelv adversary. This 
methodology forms the basis for deternuning mission feasibility for the duration of a 
decision period. If time stepping through the decision period without counting the 
contribution of the uncominutted forces does not cause a threshold violation, then onlv 
the originally committed FEBA forces are perceived needed to maintain a favorable 
power differential in that sector. The occurrence of a point of infeasibility indicates a 
flag in the simutation clock process time that a decision must be made to commit 
additional resources to maintain a favorable SIP differential. This event time 1s 
referred to as the decision point, ty. The decision point serves as the base simulation 
event time for determining when the blue forces need to have aifected the powerGiamem 
forces predicted against them. This assumes that the red force plan remains constant 
throughout the planning process. Next, the planning model ts invoked and a new plan 
is developed based on the most recent red plan of battle using intelligence received 
prior to the decision time, ty [Ref. 5: pp. 44 - 46]. The decision point not only 
indicates the magnitude of power in which Red power must be decreased, but also 
provides the simulation time in which the blue force must allocate- those assets to 
maintain plan feasibility. 

Developing feasible alternatives 1s a process of generating several blue 
aSsel aiCaked target; pairs and projecting new SIP functions for each pairing. lhe 
alternative which demonstrates the largest ratio of red power neutralized to blue power 
utihzed is then selected. Red power destroved 1s measured as the difference in power at 
the decision point between the original red force SIP and the SiP reflectediimaaae 
pairing process. Blue power used is determined by the difference between the SIP of an 
uncommitted entity at the decision point and the SIP derived after the pairing using 


perceived attrition rates. 


2) A A 2 : ; - 
-\llocation is the process of formulating alternatives to determune which asset(s) 
to use in order to restore macro plan feasibility. 
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C. SUMMARY 
ALARM is a combat model undergoing development that utilizes three unique 
methodologies to represent combat interactions and the combat decision cycle. The 
three methodologies are time domain networks, cartesian space networks, and the 
generalized value system. The time domain network represents the subactivities that 
must be accomplished for a unit to complete a mission. Cartesian space networks 
represent physical connections between points on the battlefield. The generalized value 
system is a procedure for quantifving the importance of entities on the battlefield at 
Some [UtUre Lime. 
In terms of maximizing the effectiveness of combat operations, significant issues 
to be addressed by analvsis of the results provided by ALARM are: 
e The development of modelling methodology appropriate, for the large-scale but 
sparsely populated rear areas involved in the interdiction battle and for the 


command and control of the airland battle force. 


fee he appliicaihicnhe On etiese “methodologies in the construction of a 
simulation warganung model. 


Sere VciiUal tUseno! the mi@del fo periorm research on the conduct of the total 
diblanicly Datu hci. 2-0: | 


As stated earher. battlefield perceptions form the basis for all power projections in the 
model. The need for information on battlefield deep areas to shape these perceptions is 


the topic of the next chapter. 


Ii. GROUND OPERATIONS 


A. INFORMATION SEARCH WITHIN THE DEEP BATTLE 

Information on the condition of the battlefield must be obtained so that power 
projections can be made. Before describing the process used to obtain and formulate 
battlefield perceptions, the environment in which corps operations take place must first 
be examined. 

The Corps is responsible for combat activity conducted in an area of perception 
(see Figure 3.1). The area of perception is the area within which the corps miG@Stegemiee 
and keep aware of the activitv and movement of enemy forces. This geographical 
region is subdivided into two smaller areas, influence and interest. The area of 
influence is that portion of the battlefield in which the commander can directly affect 
the course of the battle bv using assets organic to the corps or assets controlled by 
subordinate units. Enemy entities (i.e. tanks, artillery. etc.) exist within the aneamem 
influence and are in position to affect blue force combat nussion objectives within 72 
hours. The area of influence is a subset of the area of interest. The area of intejesaar 
that portion of the battlefield where friendly forces do not possess the capability to 
directly influence the battle using organic assets. This area extends bevond those 
regions in Which enemy units or battlefield conditions are capable of affecting a blue 
unit’s nussion in the near future. The time horizon associated with the area of interest 
1S approximately 96 hours. Information acquired therein allows the simulated planning 
timie necessary to make decisions with respect to the proper allocation of assets to the 
full range of the area of influence. 

Normally the corps does not possess the capability to adequately monitor enemy 
activity occurring Within the area of interest. It is of paramount importance that the 
corps receive information on enemy operations while enemy follow-on echelon targets 
are deep within enemy territory. Information concerning the area of interest 1s Tecemen 
primarily from higher or adjacent conmmand levels. In the model, tactical air 
reconnaissance (TAR) assets will support the corps’ need for information on battlefield 
deep areas. 

In ALARM each conimand level is dependent on accurate information on the 


perceived state of the enemy targets. The resulung battlefield information concerning 
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the inherent power possessed by enemy entities at time, ty, serves as a base power 


estimate. It permits the projection of the enemy's strength at some time, t., in the 


nutire. hese estiniates are essential in the development of plans to, for example, 
Eiemer Ollset the eneniy by an additional allocation of assets at the predicted time of 


engagement, t or possibly through the employment of forces to decrease the 


eng’ 
enemy's projected inherent power through interdiction operations at some time prior to 


leng: 


B. THE DEEP STRIKE CONCEmI 


Airland battle operations which employ the deep battle concept require timely 


information to acquire and prioritize prosecution of enemy high value targets. 
According to U.S. Army Field Manual (FM) 34-1, the deep battle is focused on 
directing well planned strikes against second echelon forces while conducting close-in 
operations. Actions taken against second echelon forces are an attempt to delay, 
disrupt, or destrov enemy forces before they can be brought to bear in the close battle. 
Former Conimander in Chief of the U.S. Readiness Command, U.S. Army Gen. (ret) 


Donn Starrv states, 


The need for deep attack emerges from the nature of our potential enemies -- 
their doctrine and their numerically superior forces. What 1s important ts that 
superiority in numbers permit him ‘to keep a significant portion of his force out 
of the fight with, freedom to comimut it either to overwhelm or 10 Dy passim 
friendly force. If the battle is fought with no directed interdiction then enemy 
follow’ on echelons have a free ride until they enter the close im Battlemmueme 
enemw retains flexibility, initiative. and momentum to apply his mass at_a point 
and time of his choice. Deep attacks serve to denv him of this ireea@mm 
[Rel Gap rs 


Thus, interdiction operations are required at the very least to slow down follow-on 
echelons thereby allowing for an aggressive defense to repel enemy frontal assault 
echelons. 

Without interdiction (see Figure 3.2) the enemy 1s able to maintain consistent 
superiority at the FLOT over time [Ref. 6: p. 43 - 46]. During this period the 
defender’s strength dwindles and the enemvy’s freedom of action increases. Conversely, 
properly placed interdiction allows friendly forces to hold off enemy follow on 
echelons. This creates periods of friendly superiority called windows of opportunity. 
When these windows appear, friendly forces obtain a greater chance of victory based 
on the assumption that friendly forces have identified critical high value targets and are 
prepared to act on time. 


Within ALARM a conimand level decision task’s planning horizon is a function 


of the depth to which it can see bevond the T[LOT. This is a direct consequcneeian 


. . 


how well friendly information seeking or reconnaissance operations can locate enemy 
targets. Such target nodes, in the model. may melude fixed bridges or mobile sites 
Whose destruction mav slow the rate of advance of enemy entities and cause follow on 
echelons to bunch up thereby presenting thempselves as attractive targets. Attacking 


these and other high value targets will Jeluy the enemys free ride to the) PSs 
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frovide friendly force entities requisite time to finish the close-in battle. To summarize, 
the goal of the deep attack is to create opportunities for friendly forces to take action 
Saeeresions well forward in the battle area [Kef. 6: p. 46]. This can only be 
accomphshed by concentrating information acquisition resources to reveal critical 


targets which offer the highest potenual pavoff in upsetting enemy plans. 


C. SUMMARY 

The corps is responsible for conducting nulitary operations using organic assets 
Within a geographical region known as the area of influence. However, information 
must be obtained from within the areas of influence and interest to expand the corps’ 
planning horizon. The resulting corps planning mav emphasize a “deep strike” in order 
to delay the enemy's free ride to the FLOT. Reconnaissance operations will provide 
the means, tn the model, to initially acquire these high value targets in the corps area 
of interest. Accurate portrayal of the prioritization of targeted areas and components 


of a perceived database are the main focus of discussion in the next chapter. 
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IV. RECONNAISSANCE OPERATIONS 


A. THE RECONNAISSANCE CYCLE 

The prime objective of tactical air reconnaissance activities 1s to provide 
information necessary to maintain accurate battlefield perceptions. This chapter 
depicts the process in ALARMI that provides information which organic ground force 
collection entities may not be able to obtain and describes attributes of airborne 
reconnaissance functions. These essential elements of information obtained through 
coordinated collection efforts contribute to the need to stop the simulated forward 
surge of enemy forces by providing details to each command level decision task. The 
information supplied is relative to a particular level's area of interest and serves to 
deternune: 


e the network locations of the placement of enemy lines of communication, 
installations, and electronic enussions: 


e the disposition, composition, and movement of enemy forces; 
e post strike damage: 

¢ conditions in the surface battle areas: and 

® ACecather and termiin- [Ret oper lia) 

To successfully defeat the opposing forces, each command level must recognize 
enemy intentions and make the appropriate resource allocation decisions to seize the 
initiative at the earliest and most opportune times of simulated battlefield activities. 
The act of seeing actual and potential battlefield events occurring on the terrain 
network forms the basis for perceiving enemy intentions so that macro plans can be 
developed. 

I. Reconnaissance Defined 

With regard to the simulation model. reconnaissance is defined as any 
collection nussion undertaken to obtain by visual or other detection miethiGas 
information about the activity of the enemy. This ineludes one time coverage of 
specific target areas (1.e. nodes) and the systematic coverage of broader areas (1.e. arcs) 
over an extended period of time to note changes that take place. Reconnaissance 
nussions condueting surveillance operations collect information continuously from 
airborne platforms while strictly reconnaissance operations are directed toward 


localized target nodes. In the model, TAR missions inelude sensor coverage of all 


lJ 
So 


phases of enemy operations not supported by collection assets organic to the corps or 
command levels subordinate to the corps decision level. Before depicting the flow of 
information acquired by TAR collection assets. the general flow of information within 
the corps level decision task will be reviewed. 

Figure 4.1 is a simplified diagram of the information flow into the corps level. 


Information (7), defined as unevaluated material obtained through the application of 
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Figure 4.1 Corps Level Information Flow. 


collection efforts, flows into the intelligence function. This information is screened, 
formatted, and forwarded to corps level planning (7a) when the need arises. It is 
assumed that organic corps collection assets provide information primarily on the 


corps area of influence while TAR collection can obtain information within the area of 


interest. Information provided by TAR assets strictly within the area of influence can 
be viewed as a function of nonavailability of organic corps collection assets. Turning 
now to Figure 4.2 [Ref. 8: p. 24], the intelligence functional architecture analvzesutie 
collected information, makes the necessary source level checks at each decisionmencr 
and identifies combat information. Combat information consists of that information 


which is readily exploitable, filtered, and passed between command level decision tasks. 
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Figure 4.2 [he Intellisence Areiieemine: 


2. The Intelligence Module 
The proposed intelligence module, developed by NPS graduate Gavlon Snuth 
{Ref. 8], consists of two components for each command level; a combat information 
processor (CIP) and an intelligence estimate processor (IEP). Information generated 


from within the execution model is idenufied by the collector and flows upward 
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Pirelemetneehrerarchical network to the approprate CIP (see Figure 4.3). The CIP 


updates the perceived database and directs the combat information to other task force 
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Figure 45) Phe Proposed Intelligence \Iodule. 


Slemients as required. The purpose of the IEP ts to prepare an intelligence estimate 
Which identifies enemy units, their locations with associated nodal positions, and 
Perceived courses of action in order to task reconnaissance assets. The IEP also 
develops the SIP curves for the enemy units used bv the planning model} to determine 
asset allocation and mission feasibility. 

The mouvation for describing the proposed intelligence module 1s to explain 
miayeall requests for TAR will enter the system from the corps decision task level. In 
realitv, an air request net (ARN) links each command echelon. The ARN 1s used 
primarily by ground commanders to request immediate support for ground forces and 
1s monitored by all echelons above battalion. To illustrate, assume a battalion is in 


need of reconnaissance over a specific point within its area of influence. Additionally, 
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the information is required before some critical time, t.. If collection assets organic to 
the battalion are unavailable then brigade collection assets would respond to the 
information® requirement. If all organic ground force collection assets were unable to 
respond to the request or unavailable through the corps level then the information 
requirement would be submitted from the corps level to the USAF inteligemes 
collection functional organizations within the Tactical Air Control System (TACS)* for 
satisfaction. Each request would then be satisfied by reconnaissance operations 
generated within the TACS depending on the availabilitv of collection assets, the 
priority, and timing requirements set forth in the request. Thus, using this abstraction 
from reality, all requests for TAR in the model will flow from the corps leveliiie 
basic flow of a TAR request is shown in Figure 4.4. 

An expanded view of the entire TAR request cvcle is shown in Ficinemeaes 
The procedure is initiated by corps planning (8) due to the necessity to a@cqmmm. 
information on deep zones. The planning procedure described in chapter 2 is then 
carried out in (9) to generate a macro plan. If planning is complete (i.e. the mission is 
determined feasible) then orders are passed to subordinate units or entered 1Tommie 
execution model. If planning is not complete then information must be obtained from 
the perceived database (14) to consummiate the plans. Example items of real world 
information prinutives required in the perception database are: 


a. Which enemi airfields (nodes) are perceived most capable of performing strikes 
against friendly forces? 


b. What terrain locations (nodes or arcs) are the most threatening elements 
Massie: 


c. Which and where are prime and secondary target nodes to inhibit ‘Gnemm 
NOV e1nent: 


d. What is the disposition of enemy second echelon forces? 

These information requirements are levied on the intelligence function (10) 
and must be satisfied before each battle execution begins. Assuming the information 
contained in the perception database does not satisfv the information requirements (11) 
or does not meet timing constraints due to the projected timing of the mussion, then 
information gathering activities are mitiated (12). First the availability of organic 


assets is assessed to determine if they can meet timung constraints or if themed 


Ri ; : = 2 c . . 
“Upper command levels intelligence functions support the information 
requirements of subordinate levels. 


“Tr - . . —~ . mae . 
*The Tactical Air Control Svstem is the C- system developed to support the air 
component commander to elfectively emplov air power. 
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Figure 4.4 The Fundamental TAR Request Flow. 


functionally capable of performing the requested collection task. If these organic corps 
assets are unable to respond to the information request then TAR assets are tasked 
(13). 
3. Intelligence Predicting 

The TEP [Ref. 8: pp. 25 - 26] operates on the perceived database at the corps 
level to prepare an intelligence estimate, identufVY enemy unit entities, and predict their 
@ourses Of action. [hese estimates are based on the currency of the perceived 
database. Due to the dynamuc battlefield situation produced by results from the 
eeeeution model, SIP curves developed within the IEP mav not accurately rellect the 
Gurrent power of enemy units. Thus, reconnaissance information 1s recognized to be 
highly perishable. Once the time of collection for a given sector of the battle area has 


become dated, by violation of a predetermined perception timung threshold, then 
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Figure 4.5 The Expanded TAR Request Flow. 


reconnaissance operations are initiated in order to maintain a required level of 
perception accuracy. 

Estimation, performed by the IEP, of the area to be reconnoitered mayan 
determined by predicting enemiyv avenues of approach coupled with the evaluation of 
stochastic meteorological conditions along mobility corridors [Ref. 5]. A procedure 
developed by another NPS graduate, Doug Fletcher, utilizes the terrain network 
determine enemy expected avenues of approach. Fletcher defines avenues of approach 
as routes and zones of action as corridors along which enemy forces are expected to 
transit. The zones are determined by the size of a particular unit attempting to pass. 
The procedure is conducted by taking a network (see Figure 4.6) and determining 
feasible routes. Feasibility refers to the flow capacity of each arc which can support 


doctrinal rates of advance for maneuver elements. Using a battalion rate of advance 
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Figure 4.6 Simple Network. 


for illustrative purposes, the resulting connected network, shown in Figure 4.7, 1s 
formed. 

Arcs on the transportation network are used in the battalion planning process. 
Zones consist of those arcs that can accommodate the sized units that the battalion is 
concerned about, 1e. its own companies and enemy regiments. These arcs are 
aggregated vet do not represent a single physical road from point A to B, but in fact 
may be a series of roads or open valleys that comprise a regimental avenue of 
approach [Ref. 3: p. 20]. Nodes on the network are then grouped in the zones in order 
to aggregate flow rates. Next, horizontal corridors are formed. It is within these 
mobility corridors that areas requiring TAR activity are emphasized (see Figure 4.8). 
The information obtained from within these areas may serve to confirm or deny an 
enemy course of action. 

Assuming that corps level organic collectors are unavailable, then a request 1s 


subnutted to the TAR model to obtain information from within the mobility corridors. 
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Connected Network. 


Figure 4.7 





Figure 4.8 \fobiltt Gaiden 


A visual representation of this search for information on enemy entities residing on the 
terrain network is provided in Figure 4.9. An excerpt from Hartman [Ref. 9: pp. 5.1 - 
5.18]. follows to further illustrate the target search process that occurs within the 


mobility corridors. 
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Figure 4.9 Visual Representation. 


4. The Search Process 
The objective of this section is to provide the reader insight on the search 
process that will occur within the execution model. This process will determine if any 
entities are to be detected when collection platforms attempt to provide the simulated 


reconnaissance function within mobility corridors. 


Many factors may interact or function independently to influence target 
detection in a simulation model. Some examples of these factors are target type. target 
movement, observed background complexity, atmospheric visibilitv, sensor device. 
platform movement, and current ambrent hght [Ref. 9: p. 4.4]. The various search 
models, which accompany detection distributions, described are based on the following 
assumptions: 


e The sensor device 1s carried on an airborne collection platforni which can move 
at a constant speed along anv path of connected nodes in the search area. 


e The sensor has a maximum range, R 


which is a field of view (footprint) 
smaller than the search area. 


idx’ 


e <Assunung that a single target is present somewhere in the search area, the 
svmbolt A will denote both the search area and Its size or geometric area. 


e <Assume that the target is stationary. [t will not react to the presence of the 
collection platform in an attempt to avoid detection. 


e Assume that the target location is random on the terrain network. There is 
nothing significantly different about the characteristics of the surrounding 
terrain that provides additional information to the platform concerning where 
to look. 

To begin the search process, the path along which the platform traverses must 
be described. As the platform moves through the search area, it may, at some time. t. 
be within R.... of the target. R,.,, is defined as the maximum detection rangemam 
max > max © 
which a given sensor-platform combination has a chance of achieving a detection. 
a. Relative Motion Coordinates 
Suppose that a coordinate svstem is defined with the Y coordinate axis 
parallel to the platform’s path and the NX axis normal to the path. The platform 1s 
viewed as being statronary in this relative coordinate system, located at position (0,0). 
The resulting footprint provided by the sensor is restricted to a circle of radius, R.4y, 
centered on the position of the platform. The target ts pictured to move past the 
platform in the direction of decreasing Y with NX constant. This holds for alt strarght 
tne search paths. 


The lateral range, L,,. is defined as the closest approach distance between 


rg’ 
the platform and the target. In relative motion coordinates. lateral range is the 
distance from the target path to the observer at (0,0) which is simply the constant \ 
coordinate of the target (see Figure 4.10). 
b. Searching with a Range Law Device 
Suppose the sensor, situated on the collection platform. provides perfect 


coverage within a lield of view. The fireld of view is modelled as a circle with radius. 
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Figure 4.10 Relative Motion Coordinates. 
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Rinax: Projected onto the terrain network and centered on the platform. As the search 
unfolds along the various arcs, a target will be detected if the target is ever covered by 
the circular footprint. Such a sensor is defined as a definite range law device or a 
cookie-cutter sensor. In relative motion coordinates, the target will be detected if the 
lateral range is tess than the maximum sensor range. 

The effectiveness of a sensor is described by a lateral range seus 
PBAR(x), which vields the probability of detection as a function of the lateral range 


{see Figure 4.11). For the definite range law device. 


— 1 t < = “4 
PBAR(X) LO = Bee x = Q otherwise (eqn 4.1) 
As the platform moves through the search area, the sensor coverage pattern sweeps out 


a covered area of width, 


—_ ane < ") 
W=2 ee (eqn 4.2) 
If the platform moves along an arc through the search area at a constant speed. V, for 


a total search time, T, the total path length covered would be 
a eX ae (eqrisisa 


Assume the search pattern is arranged such that the total search path 1s traveled 
; 8 ° . 
without anv overlap” of the coverage pattern. [gnoring the edge and corner effects, the 


total area covered by the search 1s. 
ee WV NXT XY (eqn 4.4) 


A randomly located target will be detected if and only if it is inside this covered area. 
lt follows that the probability of detection is simply a fraction of the total area covered 
Ds (esearch), 
PDE) = oF mdetectione it tiie 
= x Wales 


“Overlapping coverage does not, improve the probability of detecting a target 
because the sensor is perfect inside its field of view. 
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rDETGs) Se (eqn 4.5) 

S is defined as the search rate (S = V X W_ A). This is valid for path lengths up to 
Laax = “A W, when the entire search area has been covered. Mflaximum coverage 
@ecurs when the search time is, 


je A (\ x WV) = cS (eqn 4.6) 


; = : < 7 iG 14 C ; , =) : 
pee DET! ax) 1.0. For T Trax (iS Marginal return from each incremental 


Wateo! search tmeis$ = VY xX W A, which 1s the slope of the detection probability 


eiie (See Ficure 4.12). 
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Picurea (i teateral Rance Curve for a Cookie-Cutter Sensor. 


¢. Searching with an Arbitrary Device 
(icmitialsearenmewaniplesto be described 15 Cairied out with an arbitrarv 
sensor device. The sensor has an associated effectiveness pattern which is within its 
Rmax he lateral range curve for such a sensor is defined as PBAR(Xx), which is the 
probability of detection if the sensor moves at a constant speed, V, along the search 


path (see Figure 4.13). 
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Frgure 4.13 PBAR for an Arbitrary Sensor. 


iisvodactors interact to determine PBAR(X): 


1. The exposure time as the target moves, relative to the platform, along its path 
through the sensor effectiveness pattern. 


2. The sensor detection rate at each point along the path. 
PBAR(x) is obtained by integrating over all detection opportunities while the target is 
in the sensor's field of view. Typical PBAR(x) curves are shown in Figure 4.14. 
tite SEnSOL sweep°width is defined to be W, the area under the lateral range 


Surv ec. 


} PBAR(x)dx (eqn 4.7) 


In order to search without overlap. suppose that the target 1s randomly located in 
search area A along a path of length. L = V xX T. Using a sensor with a lateral range 


eirve PBAR(X), an area, 2 X R L will be covered by the sensor. The resulting 


max 
probability of the target entering the sensor pattern 1s the fraction of the area covered, 


OT 


Pr(target enters footprint) = Pr(Lig SHUISHIC Shae NA ) (eqn 4.8) 
If the sensor is not a definite range law device. then the sensor mav fail to detect the 
target even if it enters the sensor pattern. The detection probability is obtained by 
accounting for all possible lateral ranges in the coverage pattern, PDET(T) = (fraction 
Meee area covered) X (PDET | the target ts covered), 


BoE) — (2 x R x L/A)X{ {-R R..~}PBAR F(x)dx (eqn 4.9) 


max ima > lak? 


F(x) 1s the probability density that the lateral range has value, x, given that it 1s located 


somewhere in the range {-R R Peel MGtests tial sa ts Unifotnusy distributed 


OOS A ONS 
a \ rae Sahn | . 
Sax: Bmax) Oecause the target is located randomly. Thus. 
moe iil) = Pr(detection in time. T) 


Seek 


— Note: this is consistent with the definition of W for the definite range law 
femice. The Sweep width must always satisiv W S 2 x max: @n equality only 


applies in the case of the definite range law sensor. 
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When a non-overlapping search (see Figure 4.15) 1s conducted with the 
arbitrary sensing device, the largest path that can be searched before overlap Ocenia 


L = A 2 es He Me ibis 


max max 


Pie tel = AME 2 0 IN ) (eqn 4.10) 


mak ia 


(ie valucror DE ae is less than LOif W < 2 X cc 


The TAR model consists of two functions. collection management and 
information acquisition. The next sections will describe the attributes required of the 


TAR model, beginning with the request for reconnaissance. 


44 


PDET(T) 


PDET(TMAX) = W/2°R____) 
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TMAX = A(V*2"R os) 
Petite 1 DET for Non-overapping Search with W < 2 * R__... 


Bee REQUEST FOR RECONNAISSANCE 

Seem ear @lenc) Tecomnalssince @mekations is to keep the perception database as 
Sm@erent as possiblc, a request (see Figure 4.16) can be viewed as a querv (15) directed 
@ietne perceived database. Each query is based on the time of the last database update 
(16). The information pertains to nodes and arcs contained within a region designated 
Peesecior coordinates of the mission order. A request (18) for TAR is initiated when 
this information is not in the database (17) or if the information is too old.’ Two 


classes of requests may be generated, preplanned (routine) or immediate. 


1. Preplanned Requests 
Preplanned requests are initiated for information requirements that are 
foreseen. Once the initial data is input into the model and the corps area of interest is 
deternuned, a preplanned mission list is formulated to provide surveillance of each 
conimand level's area of interest. This consists of dividing regions (containing enemy 
expected avenues of approach) into smaller sections called sectors, comparing the 


coordinates of these areas with the coordinates received from the corps level mission 


Refers to the passage of simulated tine relative to the last perceived database 
pete: The required timeliness of perceptions is a research issue vet to be addressed. 
Peeckdnipie, What 1s the relative difference in utility of information obtained 15 
munutes earlier? ...45 minutes earlier? Additionally, how does this need for information 
by time, t, impact the simulation clock process time that expires when the planning 


- 


process 1s being executed? 
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Figure 4.16 Deternuning When to Initiate a Request. 


orders, and requesting the corresponding collection nussions. The responsibility for 
this class of request rests with each IEP. As stated earher, requests flow throweimaie 
intelligence module with the IEP performing an inferencing function. Because thesiia@ 
predicts enemy mobility corridors, 1t seenis plausible that the IEP act to substantiqigaags 
predictions by generating a prioritized list of preplanned (routine) reconnaissance 
nussions. Prioritization in this context refers to the timing window in which the 
information 1s required. 
2. [mmediate Requests 

Inumediate reguests are generated to meet specific information requirements 
Which cannot be satisfied by the preplunned missions. These requests stem from the 
case where a commiand level becomes aware that a significant deviation from the maere 
plan has occurred. Micro planning would result in an attempt to restore the simulated 


battlefield situation to one that would pernut the accomphshment of the existing macro 


plan. [Ref. 3: p. 35] Invocation of the planning mode may require an immediate 
update to the perceived database in the form of a timely mussion that 1s capable of 


providing a point update of a designated node. 


C. REQUEST COMPONENTS 

Requests enter the TAR model and are inmmmediately time tagged. This provides a 
base time to deternune how long requests remain in the system. Because requests 
determine when to look, what to look for, and where to look, the proposed 
components of all requests are as follows: 


e Time entered svstem: simulation clock process time in which a request was 
heeeiecculroml ie Nit. 


¢ Request number: sequential numbering scheme. 


e Area of interest: node numbers corresponding to the locations of the nodes and 
anes Ol Interest, 


e Range to target area: sum of the distances of arcs along the shortest path to the 
target area. 


e Coverage type: the sensor type(s) to be used on a collection platform. 
e Timing window: the ipsielsls of time preceding a decision period in which the 
information 1s required. 

The request number is merely a sequential numbering of requests that enter the 
Rea@mest dueuc. [he area of interest refers to the sector of the battlefield upon which 
information is required. As alluded to earlier, each sector is composed of nodes, arcs 
and target attributes. Nodes correspond to ground positions that are connected by 
routes or arcs and mav represent a bridge, city, or just a certain segment of the terrarn. 
Nodes may contain force units which are composed of entities. Entities are defined as 
the individual combat vehicles, facilities. or weapon svstems. Each simulated combat 
entity possesses several attributes. Attributes. also referred to as state variables, 
describe the state of each entity. 

Miieedimusmace (nom) Which tarectg are to be detected can be viewed as a series of 
three dimensional projections from: nodes of the terrain network. Each node ts 
numbered, thus range is defined as the minimum distance to a given node contained in 
the area of interest to the requesting unit's location. Range would actually be 
expressed in terms of coordinates. Coverage type refers to the sensor svstem on a 
platform used to acquire the requested information. The sensor svstem selected 1s a 
fm@etion of several parameters. tvpe ol target. amount of coverage area desired, and the 


perceived threat environment. 


The timing window actually consists of two umes: a not earlier than (NET) time 
and a not later than (NIT) time. These times refer to the earliest and latest possible 
simulated clock process times that the information 1s required by the planning modet in 
order to be useful in the current formulation of macro plans. To illustrate the use of 
these trmiesiweler back (6 tle decision® period. The decision period was defined as the 
maximum period of time allotted to a particular command level decision task to 


accomplish an assigned mussion. The nussion has an associated start time, t,, and an 


p 
end time, t,. Additionally, through updates to the perceived database, several times in 


Which forces are to engage enemy force entities, t.,,, are determined. Given ty and 


x; Some time toe is deterniuned to be the 


first clock time an update is required. More specifically, it determines When the timing 


the current sunutatron clock process time, t 


of the current perceived mnformation exceeds some predetermined threshold such that 
an information update is required. This clock time is the NET. The NED teiers tame 
clock ume When a final update to the perceived database is required before the decision 
period begins. The length of ume between the NET and the NLT is called the timing 
window. A procedure to calculate these information requirement times 1s a research 
Issue yet to be addressed. 
lL. Collection Management 

Receipt of a request for information initiates the collection management 
poruon of the TAR model. The collection management function 1s responsible for 
front end processing of allt requests and determination of request vahditv. The 
collection management function exists because there 1s a linuted quantuty of collector 
resources and serves as the central repository for all requests. Nomination of the areas 
that should be covered by each individual search process 1s determined as well as the 
nature of each search in order to mininuze search errors. Ihe end prodtct ong 
collection management function 1s a scheduled reconnaissance events collection plan. 
The plan is based on collection assets available, their capabilities, time of required 
sensor coverage, and the stated information requirements. [The collectton management 


function 1s subdivided into two parts; request validation and collection plan generation. 


. Sthe main simulation event list consists of a sequence of times, of which each 
decision period is a subset, re. (Uy gees Uy.2° Ue Uy Uy + I: y+ 3-0-5) Cas) (eee 
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a. Request Validation 


Validating a request 1s a confirmation procedure that ensures cach request’s 
continuation through the TAR model, Figure 4.17. This consists of evaluating the 
three possible conditions that could cause a request to be cancelled. The three general 
conditions are: the area to be reconnoitered is no longer of interest, information on an 
area of interest 1s to be updated by other means, or the expected collection platform 


losses are too high. 
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Figure 4.17 Collection Management Request Validation. 


The first step in the validation procedure is to determine if the sector of the 


battleficld designated in the collection request is still of interest (19). For example, 


--—- -——— A ih i i A A i a A a Re RS A ee i ens ch ce ety ce dacnenraenagter ea 


suppose the coordinates of the sector of interest. A, have changed due to an 
infeasibility associated with the macro plan. A new area, A’, mav become the sector of 
interest, thus preempting the original reyuest for information in sector A. It mayonot 
be feasible to continue the request to reconnoiter sector A. Each request hasiesoumas 
implications, therefore collection assets must be emploved selectively. 

The perceived database is envisioned to receive updates from threcusamemees 
(20). These sources, as shown in Figure 4.18. are ground organic. T:AR. and national 


collection assets. At this time intelligence updates from sources other than TAR 1s 
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Figure 4.18 Collection Inputs to the enceinea Database 


assumed to be handled simply as periodic updates to the perceived database. 

Ground organic collection assets will provide periodically updated 
information obtained in areas approximately five to 25 kilometers from the FLOT in 
each respective area of influence while national collection assets provide periodic 
extended range coverage. The national assets provide coverage from colecuam 
platforms such as satellites or possibly extremely high altitude platforms. Periodic 
information provided by these high altitude collection platforms provide the database 
details through imaging techniques or simulated signals intelligence (SIGINT). 
Imagerv 1s a process of providing photographic-tvpe details of objects or areas, thus 
updates received through this means may provide information regarding the terrain 
network or enemy force composition. SIGINT is a process of intercepting 
electromagnetic emissions and the associated perceived information may possibly 


provide updates on the enemv’s operating location or characteristics of his weapons 


and equipment. Although the types of tnformatron obtained by high altitude collection 
assets can be extremely valuable in the development of macro plans, it may have 
muted utilitv. Meteorological conditions may hamper the performance of tmaging 
svstems thereby affecting the trmelmess of updates to the perceived database. 
Redundant coverage (i.e. by natronat and TAR collectron assets) may be requtred to 
attain a nuninium acceptable probability of a successful collection mission. 

line reaiested areamuomee TeCOMnolltcrea ts adequately? covered by periodic 
collection efforts then, from an optimizatron perspective, the request for TAR should 
be cancelled. Other checks that must be performed are: 


e Is the sector partially or completely overlapped bv other designated collection 
areas: 


e Is the tinung of the informatron updates feasrble in order to support macro plan 
development? 


Once requests are validated, they are grven a priority (see Figure 4.19) in 
order to develop a scheduled reconnarssanee collection plan. The kev element used to 
develop these plans is the timing window. Since thrs window refers to the nunimum 
and maximum acceptable times in whrch collection missrons must be performed, the 
prioritization is determined by ordering requests based primarttv on the NLT. 

b. Request Prioritization 

Prioritization begrns with deternuning misston package contents (21). The 
mission package refers to the mux of collection platforms, sensors, and support systems 
that provide the responsiveness necessary to accomplish a collection mission. This is 
an iterative process where expected platform losses (23) due to currently known ground 
and air threats along routes deternuned in (22) are calculated. The formulation of 
feasible routes to and from the target area must be generated bv projecting flrght paths 
(22) for the reconnaissance nussions. Thrs procedure uses information from the 
perceived database on node tocatrons of the last known enemy arr defense sites and 
enemy weapon capabritties to generate a network of flight paths. These flight paths 
represent routes to and from the FLOT, to and from the target area. and from within 
the target area. Flight paths can be viewed as elevated ground nodes with connecting 
arcs. The flight path generation procedure is designed to generate the elevated routes 
by minmuzing exposure times to the current perceived enemw air defense threats while 


berng constrarned by the rnformation request NLT requirements. 


_. ’The term PAdlecitictolkeemine tirsmeote.t. refers to Whether o 
information requirements contarned in the request are satisfied. 1 
specify the tvpe of coverage desrred. 
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Figure 4.19 Collection Management Request Prioritization. 
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The process of determining threats to collectron platforms may be handled 
initially in the development of ALARM as a front end data input to the model. Tables 
consisting of enemy force threat codes and the corresponding mission packages can be 
formulated a priori. The threat code refers to the perceived threat along a selected 
flight path, while the misston package may include several escort frghter tvpe platforms. 

An additronal constraint placed on the procedure to develop a mission 
package is to compose the package with the minimum number of resources. This 
procedure may take several iterations to complete due to the probability of a successful 
mussion, forecasted in (23). not reaching an acceptable level, given the perceived threat 
environment and the information timing requirements stated in the request for TAR. 
If a feastble mission package cannot be determined, or if losses are percerved to be 
higher than acceptable to satisfy the request, then the request is forwarded to the 
national collection function. All requests with feasible expected loss and mussion 
package contents are then checked to ensure the request 1s still valid and can meet the 
timing Window (244). 

c. Sensor Functions and Attributes 
The types of sensor functions envisioned for representation in the TAR model are 
imagerv and surveillance radar. A description of each function along with a hist of 
attributes follows. 

(1) lmagery. Imagery dertved reconnaissance is a key element in 
supporting information needs for the development of macro plans. Imagery ts defined 
as sensors capable of providing “photographic” type information of entities on the 
terrain network. Sensor tvpes capable of providing these battlefield pictures are 
optical, infra-red (IR), and radar. 

An optical sensing function or aerial photography was used as far back 
in American historv as the Civil War. During that time artists drew sketches of the 
battlefield while elevated in captive balloons {Ref. 10: p. 157]. In fact, studres have 
shown that during World War II approxinately $0°o of all useful military intelligence 
came from aerial reconnaissance photographs {Ref. 10: p. 125}. The basic principle of 
the optical capabilities is that targets reflect a stgnature in the visible Inght spectrum 
that is measured as a visual contrast with the environment. This ts conducted along a 
Straight path between the target area and collection platform called the line of sight 
(LOS). A rough estimate of the distance a man can see, assuming the fictitious fellow 


1s in the nuddle a calm ocean and tgnoring meteorological distortion, is d = .(1.S)h., 
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where d is the distance in miles and h is the height above sea level in feet. Thus, a six 
foot man can see approximately three nules. Elevate him to a height of 66 feet and his 
horizon stretches to 10 miles. From a radar equipped platform: orbiting at 35,000 ft., 
the horizon is no less than 2350 miles. The minimum practical height for a 
reconnaissance satellite is about 100 mules and they can theoretically “see” about 890 
mules! [Ref. 11: p. 7] Despite other significant and sophisticated monitoring devices, 
the photograph is perhaps the most important piece of information a unit command 
level's intelligence module can receive to initiate or verify plans. 

Photographic reconnaissance cameras take a succession of individual 


glimpses!? 


with shutter speeds varying between | 1000 and 1 3000 seconds. The speed 
at Which each glimpse is executed varies according to the particular platform's image 
motion compensation (IMC) needs. IMC calculations are derived from inputs about 
the platform's altrtude and speed. It causes adjustments to be made so that blurry 
frames are minimized due to the frame rate not being equivalent to the rate at which 
Images traverse the lens aperture. The lens aperture is adjusted automatically to the 
anibient light, film type, and other variables. For night reconnaissance operatrons, the 
camera 1s assumed to take a sequence of glinipses when photoflash cartridges, eyected 
from the platform, illuminate the inimedrate area. 

The two basic slant angles in which imagerv 1s obtained are vertical 
and oblique. Vertical slants furnish coverage of the search area from directly above a 
target While oblique slants provide a view of an area from an angle not directly over 
the target. Towards the edges coverage is poor, partly due to the distance fronitiie 
platform to the target and partly because of an almost horizontal grazing angle. 
Vertical zones are seen to provide the most information without loss around edges. 

Infra-red (IR) imagery permits the detection of thermal energy. 
Fundamentally, anv entitv or source that radiates heat can be an IR emitter. Each 
enutter possesses a particular pattern of enussion called an IR signature. The signature 
emanating from the source is normally different from the temperature =oigie 
background environment. Thus a thermal contrast results, permitting detection of the 
enuty. These sensors vield a picture-like rendition of the target entity and background 
Which also provides the means for detectrng camouflaged objects. Enemy entities 
possessing attributes of buildings. airfields, or artillery batteries that are camouflaged. 


for example, can be detected in simulated dav or night@acd iin 


Glimpse is a searcli process explained bv Snithwsceniaeeus.) 
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[R sensors provide either a point or area detection capabilitv. This 
refers to the fteld of view provided by the sensor. Point detectron implies a narrow 
field of view, possiblv concentrated on a single node. Area detection 1s essentially 
several point detectors connected in parallel and capable of covering a wider area. The 
main difference in these capabilities 1s that tt takes less trme to process a narrow field 
of view than to process an area. In the model, this may be a prime consideration if 
near real-time updates to the percetved database are required. 

The final type of imagery is radar imagery which 1s still concentrated at 
detecting ground targets. The typical radar ts a side looking radar that can sweep 
across the ground network out of either side of the collection platform. These sensors 
provide information on moving targets as well as imagerv by detecting shifts tn the 
frequency of energy reflected off of ground entities. 

(2) Surveillance Radar. A survetllance radar capability 1s necessarv to 
Provlde mformation Om enemy air activity to the perceived database. The basic 
principle of radar ts range measurement bv trmung echoes, produced bv electromagnetic 
energy, bounced off of a target. The burst of energy travels at the speed of light which 
is 3 x 10° meters per second. Using the distance formula. the length of trme required 
for the energy burst to be reflected from a target one nautical nule away is 12.35 
microseconds. This is defined as a radar mile. Therefore, energy transmitted at time, 
ty, and received 1235 microseconds later means that the distance to the target 1s 100 
nautical mules and located somewhere within the the radiation pattern of the 
transnutting antenna. Azimuth, defined as the angle of horizontal deviation measured 
clockwise from north, is determined bv narrowing the width of the transmitted beam. 
The beam is then rotated until the direction of maximum return energy ts found. This 
Meme “which maximum energy is received is the direction of the echo. I[f the 
beamwidth of the transmitting antenna were | degree, then the target azimuth would 
be Known to within a maximum error of | degree. Now, if the transnutting antenna 
were rotated through a full 360 degrees. the transmitter energy turned on and off at 
mimed intervals, and all echos received were correlated with the azimuths at the time 
each echo was received, then scanning would result. Scan duration 1s the time required 
for one complete rotation of the antenna. 

(3) Collector Attributes. Each simulated collector has several attributes to 
describe tts unique situation. The following attributes are basic to each sensor- 


platform combination. First, maximum effective range into enemy defenses 1s normally 
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an attribute that 1s associated with the platform and should be distinguished from 
detection range which is a sensor characteristic. This variable is heavily influenced bv 
factors such as prevailing weather or condition of the platform. The second attribute is 
a sensor descriptor which stipulates the necessary conditions to detect a target by a 
sensor tvpe. This attribute is a function of the range, time of observation, and the 
intensiveness of the reconnaissance collection mission. The third basic attribute is 
primarily a sensor characteristic which centers on the accuracy provided in target 
determunation. The magnitude of the errors for a given device is a function of the 
distance to the target, environmental conditions. and the time of intelligence processing 
performed by the CIP. Next and quite important is the aspect of time. Of particular 
interest 1s the segment of simulation clock process time that elapses from the moment 
of target detection to the moment the collected data reaches the appropriate 
intelligence node. Depending on the collection means, this time may be verv short or 
of substantial duration. An additional component is the time lag which is the 
simulation clock process time from the moment TAR missions are assigned to the 
monient of target detection. Other attributes that accompany each collection platform 
are included in Appendix A. 
2. The Scheduled Reconnaissance Mission Timing Plan 

Following request validation, each request is entered into a mussion timing 
plan. The purpose of these collection plans is to alert the execution model that a 
collection event is to occur. Each collection plan covers a 24 hour simulation clock 
process period of time. Creation of a plan simplifies the insertion of mussions 
generated by inumediate requests for reconnaissance. Within the 24 hour time period 
onlv a finite number of mussions can be carried out because activities such as 
maintenance must be accounted for and an infinite supply of platforms does not exist. 
All scheduled missions are placed into time slots that are subsets of the time horizon 
covered bv the reconnaissance event list. The next batch of reconnaissance missions 
would be listed in the next scheduled events list depending on the timing requirements 
of the requested information. 

3. Information Acquisition 

Information acquisition is the procedure, carried out within the execution 
model. to actuallv collect information and update the pereeption database (see Figure 
4.20). The procedure begins with the ktunch (25) of a misston package whose contents 
has been determined by the collection management function. Once within proximity to 


acquire information, the collection begins (20). 
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Figure 4.20) Information Acquisition Flow. 
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The three target categories of which information is to be collected against are 
fixed, mobile. and moving. Fixed targets are those entities that are not readily 
movable. For example, hardened C* facilities are fixed targets. The second type of 
target 1s the mobile target. These targets exist at a particular location for a limuted 
amount of time. The final category of target consists of moving targets. These targets 
are highly mobile and may be difficult to locate. The fundamental target acquisition 
process used to acquire these targets is as follows. [Ref.9] A differential target 
signature is transnutted through the atmosphere to the location of the platform. If 
geometric line of sight (LOS) does not exist, then transnussion 1s blocked, possibly by 
the terrarn, and acquisition will not occur. Even if LOS exists. the target signature 
may be attenuated by the prevatling atmospheric conditions before it reaches the 
platform, The target must next enter the sensor's fteld of view. In the field Olea 
the attenuated target signature 1s then processed to form an image of the target scene. 
Computations are made to account for optical losses in the case where photographic 
lenses are being utilized on the platform. Following an appropriate time delay to 
account for the transition of the platform to a collection node, the intelligence is 
processed and the perception database is updated (27 & 28). The information ts then 


used to update SIP predictions. 


D. SUMMARY 

This chapter provides some required decision logic and describes a procedure for 
requesting tactical airborne reconnaissance to supply updates to the perceived 
database. In the procedure, all requests are validated and prioritized before entering 
the scheduled reconnatssance collection plan. This plan ts essentially an abstraction for 
the actual tasking of collection platforms. 

The objective of collection platforms is to satisfy information requirements 
established by the [EP and validated by the collection management function. This 
objective is accomphshed through the uuhzation of a mix of sensors that are capable of 
detecting varving forms of enemy activitv. The tvpe of sensor selected is a function of 
any combination of the following factors: 

*- © Enema 

e Range to target and platform range. 

e target characteristics and the characteristics of the collector. 
e The terrain arid tts influence on tie coleercr 


e Tinung window and response time of the collector. 


ra | 
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e Weather conditions and weather limitations of the collector. 
In addition, this chapter includes attributes of the collection platforms and provides an 
overview of a search process that will occur within the execution model. The search 1s 
conducted to determine if entities are to be detected as collection platforms supplv the 
reconnaissance function within mobility corridors. If detection occurs, the information 
will be passed to the planning model after an appropriate time delay to represent the 
processing of the information. The information is then used to update the perceived 


database and deternune if the current macro plan is to be modified. 
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V. PERCEPTION GENERATION EXAMPLE 


A. SCENARIO 

The purpose of this chapter is to demonstrate the application of TAR to update 
the perceived database by extending an example developed bv Fletcher [Ref. 5: pp. 31 - 
60}. To proceed, a blue armor brigade has received an order from a higher echelon to 
defend in its assigned sector against the attack of a red motorized rifle division. The 
nussion objective of the blue force is to prevent the red forces from advancing past the 
blue brigade's rear boundary area. A troop Hst representing the assets available to the 
brigade 1s received as part of the order input from the higher blue division. For thts 
example, blue force units and characteristics are listed in Table 2. Intelligence received 


from the IEP along with the missron order is provided in Table 3. 


ie dade lene 
BLLE BRIGADE COMPOS TiION 
| 


es. Ul Pee ig, DIST, SUE . 
: Xy Tank Bn. L000 20 km 1.00 
X5 Tank Bn. L000 20 km [1.00 
Sy Tank Bn. L000 20 km 1.00 
Xy Artillery Bn. SOO 203m 1.00 
ene: 
| C Kip €Ility. 
zu UNIT TYPE: the type of unit of which x; is a member. 
SF DIST-.: the distance x; is from the location in which the missioners 
| be conducted. 
| 4. STATE: the current condition of the unit which includes the 
| percentage’ of amununition, equipment. and personnel that x; currently 
| possesses. 
| 5): The decision period is from ty, to tay. 
| 


Oo 


Bile 3 
EN er Eee Oe ORCE.CONIPOSITION 


y, UNIT TYPE BIP, DIST, STATE; 
V3 NER. 3000 J5 km 1.00 | 
v4 Tank Rg. 3600 39 km 1.00 | 


The macro plan stipulates an tnitial allocation of units to defend at the FEBA 
based on the predicted avenues of approach mput provided bv the [EP. Additionally, 
the corresponding rates at which all entities of each force advance and expend supplies 
is assumed known. The initial macro plan calls for the commitment of tank battalions 
X; and X» at the time of engagement, tyg. While all other blue force units remain 
Micommnutied. In order to fully colivey the initial set up a visual presentation of red 


and blue force relative positions is shown in Figure 3.1. 





MAIN BATTLE BATTALIONAREA BATTALION AREA BRIGADE AREA | 
AREA OF INFLUENCE OF INTEREST OF INTEREST | 





sector #1 


sector #3 sector #4 





ine’ liiBerceis. cu Sitllatton at time ty 
fOr the commitment ol | anges at tig: 


| 


B. TIME. Tp 

Before stepping through the methodology described in chapter IV to determine 
macro plan feasibility, consider the situation on the timeline at time, ty (refer to 
Appendix B for the complete umeline of events). At t, an update to the perceived 
database has occured. The search process has resulted in the identificauon y3 in 
brigade sector =2 and vy in brigade sector =3. The intelligence module accepts this 
input and formulates the associated initial red and blue SIP curves (see Pieumemae 
Additionally, the brigade's [EP submits requests for T-AR nussions in the brigadgeugeames 


of interest to seek out red follow-on forces. 
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Figure 5.2 Power Curves Resulting from an Information 
L pdate at ty. 
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TAR missions, shown in Table 4, are added to the scheduled reconnaissance 
events list to occur at times, t3, ts, and t,, with specified mission! ! packages and 
information deadlines. Sequentially following the timeline, an initial mission feasibility 
check is performed by determining the difference in current perceived power levels 
between forces in the brigade’s sector. The feasibility check does not reflect a SIP 
threshold violation and therefore indicates that the current plan, formulated at t,, to 
actually commit x; and x5 against yz and yy at time, t,¢, which is the projected time 


of engagement, 1s feasible. 


Wesley tate 
SOE OLLED REGOm ISSA NCE EVENTS LIST 


Mission Time Mission Package aye 
t_> Ze ty 
t3 a ts 
ts Y ty 
a7 Le ie 
(3 u ve 


The logic involved in this “need for a decision” process 1s provided in Figures 5.3 
and 5.4. The initial mission order input is received at (1). At this time the intelligence 
nodule is activated and must determine information requirements which 1s essentially a 
query of the perceived database (2). Information needs and gaps are identified, at such 
time the IEP (3a) forwards a request for additional information. An example of the 


composition of a request is as follows; 


'T\ fission packages refer to the total sum of all collection platforms, sensors, and 
support svstems that provide the responsiveness necessary to accomplish a collection 
nussion. For this simple example let: 

a. NN: a package best suited for sector search scanning. 
b. \:a package that 1s sufficient for both sector search and point search. and 


c. Z£:a package that is best suited for point (nodal) search. 
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ie ORDER INPUT 





INFORMATION QUERY 
2 REQUIREMENTS PERCEIVED DATABASE 


IEP determines 

a when to look 

b. where to look 

c. what to look with 


TAR 


PLANNING MODEL 
|= 





fe 


FORMULATE COMMITTMENT 
EVENTS LIST 


| 

| 

| (based on current perceptions) 

FORMULATE COLLECTION 


EVENTS PLAN 


EXECUTION MOOEL 





UPDATE PERCEIVED 
DATABASE 


UPDATE COMMITTMENT 
EVENTS LIST 


UPDATE SIMULATION 


PROCESS CLOCK 


Figure 3.3. Process*riteims 
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EVENT 
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' 
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; 

NEW INEO . 
RECEIVED? & 
: 

) 
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4 

4 

; 
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UPDATE DATA 
PARAMETER LIST 





Preurerst i rocess Flow Continued, 


e Time entered system: t, (1e., this is a time tag to idenufy exactly when a 
request 1s forwarded) 
Seeeeccuest number : 24 {1.e., the 2th feque-@inetie Collection manacement 
system) 
Smee ied O) imteresty, sesectors =| and =. (refer to Picure 5.1, grid coordinates and 
node numbers will actually be used to identify targeted areas) 
e Range to target :  55km (range to the estimated target location along a 
sequence of arcs) 


Seeecoverage type; XX (i-c., surveillance mode or area scan) 
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e Timing window: NET t; and NLT ts (1e., due to the current perception state. 
information is required not earlier than time, tz, and not later than time, ts, mm 


order for the brigade command level decision task to make combat decisions) 


The tmtelligence module prepares SIP curves (3b) based on the tnformation 
received during the query performed in (2). Feasibility of the resulting plan is checked 
and tf feasible. the commitment events outlined in the plan are added to a master 
events list. At (4) the TAR model ts mvoked. The request generated im (Gaye 
validated and prioritized based on trnung requirements of all existing missions waiting 
le) be executed. 

The procedure results im a scheduled reconnarssance event plan that ts forwarded 


> s 
to the execution! 


model (5). While the execution model ts running, information 
gathering activities generated at all levels result in an update to the perceived database 
(6). This update may or may not be in the form of mewly acquired bDatti¢imam 
information due to the possible attrition of some collection platforms from simulated 
enemy anti-air activity. If no battlefield information is received then the execution 
model will continue to process events from the master events list (7). Finallyya hemes 
information is recerved at (8), the srmulation clock is advanced to account for the time 
required to process the information. - flag from the percerved database causes the 
execution model to pause and existing plans are then checked to determine if new plans 


must be formulated. 


C. TIME. T, 

At time, ies the next TAR mission is executed from the scheduled reconnaissance 
events list resulting in new information being received at ts. A visual presentation 1s 
provided in Figure 5.5. During execution the information was actually collected at ty 
but the simulation clock process time must be advanced to account for the platform's 
transition back to a collection node and to physically process the collected information. 
The information consists of detection of a red atrfteld in sector #3 which immediately 
causes the planning model to be called 

The planning model is invoked resulting in the formulation of a new SIP curve 
Assume that the blue force does not possess operational control of any assets capable 


of reaching and prosecuting the red airfield. -Although the airfield is obviously an 


“ a ; 2 

I-Note: the execution. model continues to run while new plans sare siemm 
formulated. At some time later these new plans may result in new Orders tomiie 
execuuon model. 


MAIN BATTLE BATTALION AREA BATTALION AREA BRIGADE AREA 
AREA OF INFLUENCE OF INTEREST OF INTEREST 
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Figure 5.5 Perceived Situation at time ts. 
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extremely high value target, the existing macro plan developed att, would remain in 
force as the current macro plan. The existing events list would remain unchanged 


while the conimutment of assets 1s not redirected to prosecute this lucrative target. 


D. TIME. T)> 

At ume, t;>. the planning model is again invoked resulting in the formulation of 
new SIP curves based on the newly acquired information (this information is a result of 
the tg nussion in which vy, and v5 are detected and identified). These new SIP curves 
indicate that the plan which committed tank battalions x; and x» initially at the FEBA 
against red first echelon regiments, ¥3 and yy, and with uncommitted units X3. X4. and 
X5 becomes infeasible 4.3 hours after the beginning of the decision period. The 
resulting point of infeasibilitv, shown in Figure 5.6, is a violation of the upper 
threshold value. The projected violation time corresponds to the estimated time of 
arrival of the most recently detected red second echelon units ea deine Secu 1 Sure 
Sr): 

Courses of action are now developed to restore feasibility by first determining 
notification times for each entuty through functional submodels. Notification times are 
used to generate all possible asset(i) to target(j) paired combinations. Fourteen 


resulting courses of action are generated of which six are feasible (see Table 5). The 
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Figure 3.6 Power Curves Kesultm cena 
the Information Update at ty. 
feasible course of action which generates the maximum ratio of red power destroved to 
blue power used is selected. The course of action selected is for artillery unit x4 to 
prosecute ¥3 with a time of engagement of 1.5 hours after the start of the decision 
period. [he SIP curve resulting from this decision is siiG\ meiner tones @ 

Stepping back through the plan to check for feasibilitv, another violation is 
detected. It is projected to occur at 4.5 hours after the start of the decisionetemecs 
Again feasible courses of action must be determined. It is noted here that the artillery 
unit 1s again considered for use in the development of courses of action. This 
represents that process in the real world of redirecting fires against an enemy target 
bevond the FEBA in order to attrit that umit prior to its arrival at the FEBA {Ref. 3: p. 
53}. Two courses of action were developed during this iterative process of Cheeni 
macro plan feasibility. Implementation of the perceived optimal course of action 
results in the SIP shown in Figure 5.9. Stepping back through the plan now does not 
produce any violations, therefore until such time when new information 1s pecemen 
through collection efforts, the plan is feasible and is the current macro planjeane 


comnutment events of the plan are listed in Table 6. 
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Figure 3.7 Perceived Situation at Time, tg. 
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Figure 5.8 Second Iteration Power Curve resulting from 
the Information Lpdate at ume te. 
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TABLE 5 


FEASIBLE COURSES OF ACTION GENDERS eee ie 


y; iSired force cin 


Power ratio 1s the proportion of red power neutralized TamGhme 


Power CApemce, 


Feasible course of action long Ai, sj Power Ratio 
| eSaics. X4 V3 a7 
2 [25ers X4 vy Lo 
5 O-Srhits: X3 V3 57.4 
4 0.5 hrs. My vy 235 
) 1.0 hrs X3 Vy 574 
6 | Sains X2 vy 25 
Nenenes | 
, lone is the time of eneagement. | 
» X, isa blueiorce ‘eniige 
® 
| 
| 
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Figure 5.9 Third Iteration Power Curve resulane= nem 
the Information Update at ume te. 
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E. 


TIME, Ty, 
Na eben le. ty3, 4 reconnaissance nussion was executed, however no additional 


information was obtained. The macro plan generated after the perception database 


update at t)) remains as the current plan of operations. This plan may only be 


modified during the course of the decision period. This may occur when the brigade 


level decision task determines that achievement of the plan is not possible. The 


planning mode would be invoked using current perceptions to project red power and 


allocate the associated blue force resource requirements. 
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TABLE 6 
aE MOREE igo PSE ViEN TS TO BEGIN AT TIME, T)¢ 


Timte Event 
1.5 hours X4 fires on ¥3 
2.0 hours conimit X, to defend at the FEBA against V3 
2.0 hours conunit X> to defend at the FEBA against Vy 
Eo noules | fires on V9 
4.0 hours conumt X5 to defend at the FEBA against v, 
SUMMARY 


This chapter has demonstrated the development of a macro plan by stepping 


through the perception generation procedure. These macro plans are formulated in 


ALARM using an iterative process of 


r 


5 
a & 


unit 


determining initial nussion feasibility, 
developing initial feasible courses of action. and 


selecting a course of action which restores feasibility for the duration of the 
decision period. 


The final macro plan provides an output for the allocation and commitment of 


entities over time. This list of commitment events provides a detailed audit trail of 


the cause and effect relationships desired to support the analvsis of the military combat 


deci 


sion process. 


VI. SUMMARY 


A. CONCLUSIONS 

The purpose of this thesis was to explore some initial 1ssues that must be 
addressed in order to imbed a credible model of reconnaissance operations within the 
Airland Research Model (ALARM). During the course of the research effort the 
objectives of identifving and describing attributes of reconnaissance operations, which 
in turn, provide updates to the perceived database were achieved. The doctimimas 
provides a description of the current conceptual design of the Airland Research Model 
and details the planning methodology utilized within the model. Background on the 
operational environment m which the model will operate. the connection between this 
work on reconnaissance operations, the perceptron generation process, and ALARM/s 
planning scheme was provided. [n addition, the following areas were addressed: 


e <A description of the reconnarssanee cycle which 1s the perception formulation 
process used to update the percerved database. 


e The structure of the Tactical Arr Reconnaissance (TAR) model which 1s 
subdivided into a collection management and an mformation acquisition sub- 
models. 

e <A description of the evolution and development of the perception database by 
walking through a sample scenarro. 

B. FUTURE DIRECTIONS 

There are several areas in the development of algorithms (to) supporomiae 
integration of an airborne collection function that require additional research. These 
areas must be addressed before reaching the phase to begin coding the TAR model. 
First, the interface between the intellrgence module and TAR requests must be further 
refined. It was stated that the imtelligence estimate processor (ILP) will perform an 
inferencing function to determine where to veetor the collection platforms) aimee m 
U.S. Army doctrine states that decision templates will be used to predict these eneniv 
courses of action. A methodology for abstracting this intelhgenee procedure ts 
required. 

Seeond. a means for modelling the act of communicating all acquired information 
back to speeific intelltrgence collection nodes must be developed. The procedure should 
address the differences between information, that which is used to formulate 


perceptions, and data, that which ts the abstraet “information form” transnutted along 


the modelled communications medium. Note that information content is not 
necessarily equivalent to the amount of data transmitted. Use of a communications 
network mav satisfy this requirement with nodes representing information sources and 
sinks while arcs represent the various transmission rates, measured in bits per unit 
time. 

The third area requiring work 1s the implementation of an initial network svstem 
to model the flight paths of the collection platforms. Research in this area should 
focus on a procedure to assign alternative ingress and egress routes from a dynamucallv 
generated air-transportation network. An additional dimension required in this area is 
to develop the measures of effectiveness associated by possibly contrasting various 
network flight profiles. 

The detection model to be used in ALARM 1s yet to be precisely defined. An 
issue that must be evaluated before the necessary detection algorithms can be 
developed is the determination of an appropriate method of target aggregation within 
mobility corridors. This issue concerns the derivation of probabilities. per 
reconnaissance inission. of detecting a particular tvpe of target entitv as a function of 
the entitv’s location on the terrain network. In addition, this area requires clarification 
on how to determine the fraction of total target entities, in a given search path. 
detected during the execution of a given collection mussion. 

The final area identified requiring additional research goes beyond the utilization 
of collection platforms in the model. This area applies to the “other” airborne-tvpe 
platform functions to be called upon by the air asset decision task. These platforms 
will perform the air tasks required in ALARM such as close air support or battlefield 
air interdiction. The generalized value svstem or some other means must be applied to 
these airborne combat functions in order to assess the tradeoffs and the utility 
associated with formulating macro plans that specify either the allocation of these air 


entities to be committed in offensive or defensive roles over a given decision period. 


—~I 
(2 


' 


(FQ 


APPENDIX A 
TAR VARIABLES 


ATTRIBUTES THAT ACCOMPANY EACH COLLECTION PLATFORM 


AIR_WARNING(X) = location of Known enemy platforms that are in the 


~ 


vicinity of active collectioii@elaittegnm:.: 


COMMUNICATE(X) = the method of transmitting the imaging information 
back to. a conimand node. This deternines whether or not a _ real-timie 
communications link 1s in place to control the advance rate of the simulation 
clock. 

BQN SS ees = the node numbers corresponding to the air route to 
be flown Trom the collection site. 


ENEMY(CA) = list of enemy entities which have been detected by platicnmmms 
along with location, size, and rate of advance at the time of detection. 


FILM (NX) = the amount of unexposed film capacity remaining on platforms 
equipped with photographic tmaging sensors. 


FUEL(X) = the amount of fuel currently on platforms: 


GROUND WARNINGCKX) = location of known enemy entities on thestems am 
network that can potentially affeet the collection nussion of collector X. Thus 
attribute can be utilized in the procedure to deternune routes minimizing 
exposure times. 


INGRESS ROUTE(X) = the node numbers corresponding to the air Tories 
be traversed to the designated collection area. 


TARGET LOCATION(N) = the detected target locations by ground network 
node number. 


PLATFORM POSITION(X). = the three dimensional (x.¥,z) batiiemei 
position of the collectron platform. 


REQUEST(X) = node numbers contained in the request over Wiarcienee 
platform ts to collect information. 


SENSOR_ON(X) = the target acquisition system emploved on platform X. 


STATUS PLATFORM(N) = the current status of a collection platform (1.e. 
dead, unavailable, on nussion). 


STATUS SENSOR(N) = the status of an imaging sensor system (1.e. dead, 
unavailable. on mussion). 


TIME ON_TARGET(N) = the collection search type to be perfommedt(pamm 
or area search). 
wee) 


| NX) = the tvpe of platform used (each type has different range and speed 
lutations). 


‘D RADAR VARIABLES TO CONSIDER WHEN 
GET ACQUISITION 
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a. Radiometric variables required to model the imaging process 


Absorptance - the fraction of power per unit area incident upon an entity's 
surface that 1s absorbed by a sample placed in the path of incident light. 


Absorptivity - the absorptance per unit pathlength through a medium. 


Enussance - the fraction of radiant emittance of an entity's surface relative to 
the emittance from an ideal surface. 


Irradiance - the power per unit area incident upon a perceived surface. 
POwer- eheresy per Unit tini¢. 


Radiance - radiant power per unit solid angle per unit area of source projected 
normal to the solid angle. 


Radiant emittance - the power per unit area radiated from an entity’s surface. 


Radiant intensity - radiant power per unit solid angle from a point source 
(platform). 


Reflectance - the fraction of irradiance that is reflected from) an ideal surface. 


Transmittance - the fraction of irradiance that is transmutted through a sample 
placed in the path of incident light. 


b. Basic radar variables required to model! radar acquisition 


vast definition - the degree of accuracy to which the radar can measure 
azimuth. 


Azimuth resolution - the ability ef the radar to separate two targets close in 
azimuth at approximately the same range. 


Beamwidth - the narrowness of the antenna beam. 
Pulse duration - the time that the radar is transmitting RF energy 
Pulse repetition time - the time required for a complete transnussion cycle. 


Pulse repetition frequency - the number of pulses per second that the radar 
transnuts. 


Recovery time - the time immediately following transmussion time, during which 
the receiver is unable to process target returns. 


Rest time - the time between the end of one transmitted pulse and the 
beginning of the next. 


Pistemmotinjye - the tinie the receiver can process target echoes. 


Duty cycle - the ratio of the time the transnutter operates to the time it could 
Operate in a given transnussion cvcle. 


Peak power - maximum power output during transnussion time. 
Average power - peak power distributed over the pulse repetition time. 
Range definition - the degree of accuracy to which the radar can measure range. 


Range resolution - the abilitv. of the radar to separate two targets close in range 
at approximately the same azimuth. 


APPENDIX B 


Nee 


ENERATION TIMELI 


J 


N ¢ 


CPEKGR re 


PCy 0) 9b) woyy Posy UOISIDIG] PB YILM OUNSUITE ssaz01g | [gp aanaiy 


vdzi- 9h) 
i | 74 7" 
x esi 913 8] if 
02) ctl 4 
{S3OHO4 LINWOOD} 


INV1d] 








ty 


Cn 


OE 


Seer he rPeRENCES 


Sun Tzu, The Art of War, translated and with an introduction by Samuel B. 
Griffith, London. England: Clarendon Press, 1963. 


Hartman, J.K.. Parrv. S.H.. Shoenstadt, A.L., Airland Research Model, paper 
resented to the Military Operations Research Society, Naval Postgraduate 
chool, Monterey, CA, March 1986. 


Preliminary Conceptual Design for the irLand Advanced Research Model, 
Ree aT Operations Research, Naval Postgraduate School, Monterev, CA, 
August 


Kilmer. R... Using, the Generalized Value System and Future State Decision 
aking, M.S. Thesis, Naval Postgraduate School. Monterev, CA, March 1986. 


Fletcher. D.L.. Models for -lvenues of Approach Generation and Planning Process 


for Ground Combat Forces, M.S. Thesis, Naval Postgraduate School, Monterey, 


CA, September 1986. 


Side wee dextendine the Batlencld) Wiriarr Review, Volume LXI, Number 
3, pp. 31 - 50, March 1981. 


L. S. Department of the Air Force, AFM 2-1, Basic lerospace Doctrine of the 
USAF, Washington, D.C., 16 March 1984. 


Smith, G.L., Foundations of the Intelligence Module of the AirLand Research 
Model, M.S. Thesis. Naval Postgraduate School, Monterey, CA. September 19806. 


Hartman, J.K., Lecture Notes on [igh Resolution Combat Modelling, class notes, 
Naval Postgraduate Schoo! Monterey. CA, June 1985. 


Baker. R., Friedman, R.S.. Kennedy, W.V.. Miller, D.. /ntelligence Warfare, 
wie ee Crescent Books, 1953. 


Gunston, B.. da [Mustrated Guide to Spy Planes and Electronic Warfare Aircraft, 
eee nce Publishing, 1953. 


L. S. Army_Command and General Staff College, Field Circular 100-15, Corps 
Cperaions, Porn Leavenworth, KS. | \iarch [9S4. 


BIBLIOGRAPHY 


Hartman, James K., Lecture Notes on Aggregated Combat Modelling, class notes, Naval 
Postgraduate School Monterey, CA, June 1985. 


Headquarters Department, of the Army, Field Manual 34-1, Intelligence and Electronic 
Harfare Operations, Washington, D.C.. 5 May 1986. 


Headquarters Department of the Army, Field Manual 34-3, Intelligence Analysis, 
Washington, D.C., 13 January 1986. 


Headquarters Pap on of the Army, Field Manual 100-5, Operations, Washington, 
DC. la oe 


McLaughlin, Joseph R., The Exrension of Unit Allocation and Countermobility Planning 
Algorithins in the AirLand Research Model, M.S. Thests, Naval Postgraduate School. 
Monterey, CA. March 1986. 


Parrv,. S.H.. Schoenstadt. A.L.. Toward an Axiomatic Generalized Value System, 
Teclinical Report, Naval Postgraduate School, Monteres 3G Age ia 


UL, S. Air Force Tactical Air Command, Tactical Air Command Manual 2-1. Langley 
Air Force Base, Virginia, |> ene? Ss. 


L. S. Arr Force Tactical Arr Command. Tacrical Air Conunand Pamphlet 50-26, Joint 
Operational Concept, Joint Attack ef the Second Echelon (J-SAK), Langley Air Force 
Base. Virginia, Io December 35. 


L. S. Army Command_and General Staff College, Field Circular /[0Q/- 
Division Command and Control, Fort Leavenworth, KS, 28 February 1985. 


ty 


cn 


[Q. 


i. 


INITIAL DISTRIBU RRO LIST 


Defense Technical Information Center 
Cameron. Station : 
Alexandria, Virginia 22304-6145 


Kiosiiets Code 0142 
Naval Postgraduate School 
\fonterey, California 93943-5002 


Naval Postgraduate School. Code Sor 
Attention: Dr. Samuel H. Parrv 
Monterey. California 93943-5000 


Naval Postgraduate School.Code 39 
Attention: Dr. Nhiehael, Sovereten 
Vfonterey, California 93943-5000 


Levy Watkins Learning Center 
Alabama State University 

915 South Jackson Street 7 
\fontgomery, Alabama 36195-5000 


Director 

L.S. Army Models \lanagement Office 
Combined Arms Center 

Attention: COL Ken Wiersima 

Fort Leavenworth, Kansas 66027-5000 


AFOTEC OAY 
Attention: Capt. Raymond D._Harris Jr. 
Kirtland AFB, New Mexico 87117-7001 


LSASPACE CECOM 
vise l= set - |b | 
Ft. Signe otth. New Jersey 07703-5000 


SP ees Kk 
Attention: MAJ Raymond Ce 
Wright-Patterson AFB. Ohro 


Deputy Undersecretarv of the Army 
for Operations Research 

Room 2E26!1. Pentagon 
Washington, D.C., 203 [0-5000 


Director of Research 

ee ron | SENOS Analvsis Command 

Attention: Vir. Warren Olsén 

White Sands Missile Range, New Mexico 88002-5000 


Commander 

Army TRADOC Analysis Conmimand 
Attention: Mr. Reed Davis’ 
Fort Leavenworth, Kansas 66027-5000 


Director 
Lome concen © vuoi pee SIS PsN 
Attention: \ Nandiver | 


Bethesda, Sige iid 20S [4- S00 


re, 


No. Copies 
2 


tJ 


ty 


ty 


td 


Bell Hall Librarv 
L.S. Army Combined Arnis Center 
Fort Leavenworth, Kansas 66027-5000 


Director 

Studies and Analvsis Directorate 
Headquarters U.S. Army, TRADO 
Attention: COL Tonv Brinklev 
Fort Monroe, Virginia 23651-5000 


eee of Operations Sciences 


Attention: viA) Diaiie ene as 2 
Wright-Patterson AFB, Ohio 45433-6583 


SO 














DUDLEY Knox LIBRARY 
NAVAL Pos 
MONTHRE 


TORADUTATR SCHOO, 
Y, CALIFORNIA 95948-8002 








s wae T Agree hs debit oO? A ak 
oa. Ti oe Warmed % e as a | 
x fy ar 54855 Od Og} 
Pa lh ood 48s & niin ht 0 oh Oh 
hen My Se fl he hy © 4 Moat rs 


































a 
Sb 
> nasal! Abd AiMioee 
B otek of, =p thew gmt while Tay Weta Mie th “ ee - 
PolyllS W LePdhWaLan # os { } } } ie rae 

trea Sdmadj-w0f >¥4 { : | | 
“RIN 4 

m 








L mnirvar rrteheeey DAMA EN kl inc ages gs 
Pe mc FAD MANO e of Ab: Aaeeeeiene } 7 

baby ite oot et ee Weds ate ee 
rt Ae Hh at 6: © Bly A Mh ll eh oka bee Dabo Di otndc alba Re Gh fh - Se balh asf 
Rae ere ea oD MZA TA wd rep auah en 


ar, He giainedaseie tc ery 4 
BRANT Lehi wh eLtaet Ol Mass, od, ' 
mr * Wai ee bared: : 04 






+ 
PBL Bees td eB died 
ees bree hee hae? saree’ 


* 8 

y > fy Snr se g ' : 4 * : 

» Cotman ute ere a ae eet ee ryt rae SS abeg nh 3 5 

OOS ARBOUR HS UL Led ipa i) 

er RemtenirerP iain eT eT) 

MIMS CSFB Ti Mohan ney 


at 5d oP PAA> wo, &. RE ekbe. 
on pe ete ood nsth asks: Se 
RRO Lt O0o 8 Lind said 
Ca ay 






MD «Aa Opa DAP ml 






SED DBO He MMB is Wh 1d 1d ng. 
GRE ohm 8 CUA Wb 4 ok wuhia tit So 
Yeeod 


Wine Sahel PR ter Adc ott 4 
PB 3.L ot, wy pd athe Dole Re Db pe Meek. Ul. th A rho 
PEE ARM Oe nn ne a olin » hey 
Std deen tet fe Roe pr ASB Ut 
Nd ehh ohn Od eet oe CML Arts Mh bl pad Sb jo® pt 
IBID pe oS alee gerd sh Mh odake 4 Doth te of ah ipl : BS 
A AnD Wr bse ne on hE belo a AS oop 


ad Pol Pital ane Ed GLP os Lye ; 
ah Ne OT OMe hak minita ot Mobtis+n be4 er tact Seated AL . 
bids ene 2 






" ee 
‘ A #8 





i eine, “eeu 
MP oS. Rate wy Gad ron 5B Le me hnaaearaesics 
preproi s Lo ary 


MON BI 181 OW hE eR RAED OS ite th od panel Oe aw of. 
sharpen Perens ews eptrr De shisehs. mom i 
s 














. " ) ° UPR AOR. or BA oba'y. 4 
' oes veo mr Lem srt fim dons Sink eed ohh dun 
raboge antapahnascecasicseain ete ove 7 a the ya, 

y ry - tm seine TE ’ i Ad 
the oare errs or peeled 


AD OK OS 0B ato te Fon RAMS, 
MSAD TERE EMM Ad et eo Ee Sh A492 BA YM ® 8 nA nd 
Mita AGA Ay Aye ep amin Tad amiynrito Fee Ms Non aA Ni wh oh dant sola ed st 
Saateredeaied er pobt-petibies hae te en rs AOA UEAORA oft ann, O¢ 14 wha Vt 
L000 Ble fa ag ae Ova» peahnkob 68 pA we hei Wciticarh ot Be Sak yeas of. enna k 
pT NO mee amie cat oS ot 1. Pehle ANRbOe ollanecaninit nent, Dental a ws tre Bespin 
eee Pete te ea vl area rds prints tot stint ap ony 4 gad 
PAE Fahy henievrnnsn Sd pele ates ert ESO ME, OA eee Bimanass & . Ce As 
haetennd 5 eam sd senate bi SAD Cee om Rese! OA ehesbaD nciina AD}RAaLS waar oer 
ie PTAA P A Oe o pital DAMME abd pri MME US hawatyy phteier an oa gus uae Se iy Amal ok tae 
Anbar dn oF. samy oat we sb UPL ae, Dew om oh PAP D206 town nud wb: baat of ale RAs 
Hohn GNSS Ie Ihe Sess EB inh er FARM I NM da0de) my 10. - 
Bye A el Aish AMO aK ded te haitaindsbonvate ob en 
ietita bidabidigtd tuk ine ea del ed 
2 BV asm tat Fi ls wade oe 6, b> 








Lie et, F 4 @} 
PAS @idhabs di fe £10 Add 

1 J sh4 dst 
sive g Vat Sept whe one 
Te a + ‘ 






















= BS gh pohe MA 54 ofect 
8 eh ettel ne oA hk Le stemmed wh ’ WE 06 1nd ah ot 
Hdot OPT: de eete that, on WP atone OE ME Stren : ‘ 
Bs Vb 8 ici noe ae abd ea 4 fe 
oe Asus 





















1 a 
wed? Fed atom besoin 
ee beg ted 



















p= ap 


seta hid cher Suen ack aedereeeae eT esta 


teow oat hiked Awl ete Sp Radish = 
retina STn 0 AHN Db gin » oAaneign 
Awan OBR hulu ne onninMled of 
aes wactiheatoee 
PIG ofoM ht Petuadsibn’ sinnk; 
ra Taso mate ee 
. . i 

pipe <a Yate 
rey wp 
A846. Sted ose Fine Do 


es L. 
Po edad ostecs aed ree 








5 





SP wii sOas oe ng he 
08 ise a pir 





ee eee ea en atin Be 
why Fadn wore ed ol ae Fag, 
Seiahe mbndgtt eens hee 
aot wl D tn Goh Se pale ws. 
PF Bh hin Bg 
ot Hei iathe oat ae 


> ot 





i llnl AE an Sys 
mn NOG he iE ye ae 
> inked Qe: HID aaa 











HOF LESS ELS 
apete ye lS 
iz wre ri 

. 













h Ugh yids ater 

*5 pide 3° OM 
a Tie tad bade madd 
phy oka PO tet Srcres FRR 0 

Ppl ipAticta Sars. 
BERS Rend, can, f Tey he 
WiT ye Segl™ ated 'eh neds e 

dma MS eds dSGe DS OE 

"Ysa; wits lem teskae f 











Pete 
SOAR Fm 












STATA. 
roe 










wet See 
sareessN ress ges 
ressPrrisi sree Ss 
[Fe 












Twas p afore 


78 ow eee, 





























% x) 
¥ awe . ® 
yaw Sree. "eer wh Bt ete a 4 © 
i SO'S aewsary OTe Yrs eat tyme + ome 8 hee o2%,0 a oes 
oy Pobre "Se Us wtetyem gt wae beelene,e a Ba ie % : 
. Lid fe ae rey ett umece 8 etek 

ty ore 

thet wyee 

By 












& Oe ePen greet d.nry eta y 
ee tw 8 teey 


Bey. a degg m 
















ST OPemVeretD a yepe ape tne 

ae ht ee tye ts © tee ioe 

ye ew ats ee ee | re wberg AP 
: eeu 


use 
FU *t ery ei 
ws OW erhe e hle h 9 

© te heyrese ce tee a 


























se mente 
i AA jue % 
bin it tr edie cm ee Se 





70 ye Fa, eke 8h lk 
"GDS UP WY te deety ye RD, 
YOO vee Sowa mbar af 
ONY ote Rare Ryle He” 
tA deal be hee) Sie 
PPB wt preOir a ig 
Te Wren way 
Tete uve ee 




































eeebied dell A tek Lh 











~~ 
pipes babel elit Mo toh 2h ta ALR ETS AP eEt yrs Mere 
whe Oe rere en 'arewey "se ’ 
uruounet towne peat en t be Sad Boh Vin | e's rw Te liwe 





8G Wartour ere 1. *'Yyevece 
Meith ioe Lenk ta et bjuiptdiedeh, A dn, Tos Eat ha et a 


& eu Yoram 
ele habsi lh he bebt tata teed ie oo teh Se Cre wae nm we Oo 
> hephi deine Ler ert Pitenbl deg sh hd wn tL 
ae 8 @ PORTE en—n ‘ten 9 BEFR~ dhe PYLE aneiny fee 8d te OWT a Tate rts eee r*ay 
be Llnehndch Lmtiedte Seas Sd 42, bh ned Se Re Oe so ee See GW 10 ce ye 
bethrlatehahth dled Auteihe dota sk) . 7a ase Wea eee Dierp s 3 a 
UO ONE te ewe b17 Ue yy Wee parrure apwie 


vitehin te eh De Tes 





















9 A NWA ey 
Ont “wy 










































beled Aiea bd. dn ack od olrey 
°F SOY PB rwlawened rear 
PSwee 







Y PTS Bere Goldy 

wy a Veh eee hp 

he hl vo ow Om & 00's hw ie ote ye? 

OY oarwr sg yy O's FF U'He Oe Ye aap ee . a ey ve © @ Vm ecery yg 
4 EV DY YEP arHe 898 Leng ww me efPlEy «Ww wie 

Bese ry tsO IY ow YD MY ee 1 ay arts 

idl MA he Beh a hehe a ek te Pet ey 2° He, 

se * ¥ nhl tote Bd be 1 VA UViesL he te 
© ae ae ww ‘ 

WO? wep es 

hited dete ie et be 
















AH LOB oer 
dhe AL MS ore aw iy 


vr Pe 















. 
a twit Pe \ 
rane BIO Bote ¥ PPe ey te tery toa 
badhinohee dol deh San me bl 2A an hd a 5 Oey @ Peoemny e ¢ ONE | Paw wy Pere wey 7. ¢ 
©°G CUTE UD, F- Wows wy . § OO hie wie Veale’ ge 04 VVGe wh . 
TO 8 DUN W W re Ny ery oye CUTS We Gaye, well ee ey eiycarn% 4% = 6 
left Mipterthy)-lniterbin caine ot enke eT Oe Meare WR Vee eed ps 9 90 mea may vy 
ih Seite Ste bl eh ce nee ehhh ted ee rie ws Tee ey « Hays yey a 6% 
1 Pigme Weyrwsu ere wt ey eee W'Rw 8 ey auw es Py; . > wee 
Sve vl were aie | ww amy wees 5 i i | > 
Peeve, wk “cece w 


© Y. SE wipe A. 





VPS whee wa & + w"e"aee 
8! Y eye -esg vee Y & ee : Po © YY 8 wig: 
Reeth lbh Alsi le ta to Re a TOS al rir oY vr @CO'VOwe AD «4 
err ape Ws hey NOS WWE ny Th Oe We’ waN'e @ \ © ®@ Ife Fe, b09 
salb Dahan athe th ht Wew RIE Stee se iy Veetwte P-env rye Ghery © 
a 


Snelle-Mtatinn AA fi aid aan te 
CVA T Oy PERI we Yow 
OH: 0) Wwe 
DerddeAlindich 1guad tu, da | 
rere rw’ we 
€ 


a) oh ee % 





DPPC! IY wee Hom 
@ Utne" ye ey v'e 
ek ee 
“OR ys 
Lp LUA Ma dal) te teen at ¥ 
Fw Vw sy We wk yet i de Ak 
OB Coe wlee-h yw ibezt ope 
‘ rw’ MP A we ¥ we fe 
VO Oey wwe , 
Tew WD OR) wavy 4 
SrpowP a wwiney « de Le s 
A dik ihliie Adele det a) Lie an 2} Sb WI" E Sac ay Be als 
L ath de dm Mae a vA rie ey 
WSEPO ID ey tery ley wee eee wry ch rey Nee Je 




















t ¢ 
f a ’ 
Ueute 2s ae oeby s t 
a FY Ole & Bree fy 8s "CRED Boh AH M4, evry } ‘ a 
f RR COEF piety sayy Liles Adi da 1) Sa te oh 2 ve Pwr’ vi t q » ® 
oe “eu i % % 4 ry ’ 
ok be ah ht Beh v¥ v i 8 
ew? rR vs e . 
vores wre ve é 






























